were studied to establish their taxonomic status. Well-developed fragmenting vegetative mycelium was observed. The chemotype was type IVA containing rneso-diaminopimelic acid, arabinose, and galactose. The predominant isoprenoid quinone was MK-8(H4), and mycolic acids were present. These morphological and chemical properties are characteristic of the genus Nocurdiu. The physiological and biochemical characteristics were most similar to those of Nocurdiu usteroides; however, these organisms were different in their decomposition of urea, growth temperature, utilization of nitrogen sources, survival at 50°C for 8 h, mycolic and fatty acid profiles, and deoxyribonucleic acid-deoxyribonucleic acid hybridization characteristics. Therefore, we propose a new species for these strains, Nocurdiu seriolae. The type strain is strain JCM 3360.
MATERIALS AND METHODS
Bacterial strains. In this study we used five strains isolated from cultured fishes from various fish farms in Japan and, for comparison, some strains of N . asteroides and related strains (Table 1) .
Morphology. The morphology of the isolates was studied by growing the strains on dilute yeast extract-malt extract agar (ISP medium no. 2 diluted to a 1/10 concentration) at 28°C for 5 days. A sample for electron microscopy was * Corresponding author. prepared by cutting an agar block from the growth medium, fixing it in osmium tetroxide vapor at room temperature for 2 h, and air drying it in a desiccator for 24 h. The specimen was coated with gold under a vacuum and examined with a scanning electron microscope (model S-430; Hitachi, Ltd., Tokyo, Japan).
Physiological and biochemical characteristics. Decomposition of adenine, casein, hypoxanthine, tyrosine, urea, and xanthine and survival at 50°C for 8 h were examined by using the methods of Gordon et al. (9) . Acid production from carbohydrates and utilization of organic acids were determined on defined media (9) supplemented with 2% (wthol) yeast extract (Difco Laboratories, Detroit, Mich.), because the isolates did not grow on defined media. Resistance to lysozyme and rifampin were examined by using the methods of Gordon and Barnett (8). Growth temperature was determined on yeast extract-glucose agar (containing 10 g of yeast extract, 10 g of glucose, and 15 g of agar in 1,000 ml of distilled water; pH 7.2) at various temperatures (10 to 50"C), and tolerance to sodium chloride was determined on the same medium supplemented with various concentrations (0 to lo%, wthol) of sodium chloride at 30°C. Utilization of nitrogen sources was tested on the basal medium of Tsukamura (36) to which various nitrogen sources were added.
Chemotaxonomic analyses. Freeze-dried cells for chemotaxonomic analyses were obtained from 5-day cultures in yeast extract-glucose broth (containing 10 g of yeast extract and 10 g of glucose in 1,OOO ml of distilled water; pH 7.2) on a rotary shaker at 30°C. The isomers of diaminopimelic acid in cell wall and whole-cell sugar patterns were determined by the methods of Staneck and Roberts (27). The cell wall acyl type was determined as described by Uchida and Aida (39). Cellular fatty acid methyl esters were prepared by using the method of Suzuki and Komagata (29) . The methyl esters were separated by using a gas-liquid chromatograph (model GC-7A; Shimadzu Corp., Kyoto, Japan) equipped with a fused silica capillary column coated with OV-1 (0.24 mm by 25 m; Nihon Chromato Kogyo Co., Ltd., Tokyo, Japan). The column and the injector were kept at 180 and 250"C, respectively. Identification was carried out by comparison with authentic samples and by using a gas-liquid chromatograph-mass spectrometer (model QP-1000; Shimadzu Corp.) equipped with the same column. Cellular mycolic acid compositions were determined in the form of trimethylsilyl methyl esters without pyrolysis by using the method of Tomiyasu (32) . A gas-liquid chromatograph (model GC-7A) equipped with a glass column (3 mm by 0.5 m) packed with 5% OV-1 and a gas-liquid chromatograph-mass spectrometer (model M-80; Hitachi, Ltd.) were used for the analysis. Isoprenoid quinones were extracted by the method of Collins et al. (5) and were analyzed by using a high-performance liquid chromatograph (model LC-6A; Shimadzu Corp.) and a mass spectrometer (model QP-1000) (30) . The high-performance liquid chromatograph was equipped with a column of Ultron s-c18 (4.6 by 250 mm; Chromato Packings Center, Kyoto, Japan), and the elution solvent was a mixture of methanol and 2-propanol (2:1, vol/vol). Preparation of DNA. Cells grown on yeast extract-glucose broth supplemented with glycine (1 to 3%, wtlvol) (40) were used for preparation of DNA, and DNA was isolated by using the method of Saito and Miura (25) . However, as the cell walls were difficult to lyse with lysozyme (Seikagaku Kogyo Co., Ltd., Tokyo, Japan) alone, N-acetylmuramidase SG (Seikagaku Kogyo Co., Ltd.), Achromopeptidase crude (Wako Pure Chemical Industries, Ltd., Osaka, Japan), and lysopeptase (Seikagaku Kogyo Co., Ltd.) were used as occasion demanded.
DNA base composition. The guanine-plus-cytosine (G + C) content of DNA was determined by using a high-performance liquid chromatograph method (12, 31) . Heat-denatured DNA was digested into nucleosides by using nuclease P, (EC 3.1.30.1; Yamasa Shoyu Co., Ltd., Choshi, Japan) and bacterial alkaline phosphatase (EC 3.1.3.1; Sigma (Chemical Co., St. Louis, Mo.). A high-performance liquid (chromatograph (model LC-6A; Shimadzu Corp.) equipped with a column of Cosmosil 5C18 (4.6 by 150 mm; Nakarai Chemicals, Ltd., Kyoto, Japan) was used for the analysis.
The nucleosides were eluted by using a solvent system consisting of 0.2 M NH,H,PO, and acetonitrile (20:1, vol/vol). A commercial standard mixture of nucleotides for analysis of DNA G+C content (Yamasa Shoyu Co., Ltd.) was digested by using the alkaline phosphatase and was used to calculate the G+C contents.
DNA-DNA hybridization. A DNA-DNA hybridization experiment was carried out by using the membrane filter method (28) . Labeled DNA was prepared by using deoxy[l' ,2',5-3H]cytidine 5'-triphosphate (TRK 625; Amersham International plc, Amersham, United Kingdom) with a nick translation kit (N. 5000; Amersham International plc), and hybridization was carried out at 70°C for 40 h. The amount of hybridized [3H]DNA was measured with a liquid scintillation counter (model LS-7800; Beckman Instruments Inc., Fullerton, Calif.).
RESULTS

Morphology.
Well-developed branching mycelia and fragmentation of these mycelia in a zigzag conformation were observed. Although no macroscopic aerial hyphae were observed, some strains formed microscopic aerial hyphae.
Physiology. Some physiological and biochemical characteristics of the strains tested are shown in Table 2 . Our results suggest that the isolates are most closely related to N. asteroides among members of the genus Nocardia. However, the following differences were found: decomposition of urea, utilization of nitrogen sources, growth temperature, and survival at 50°C for 8 h.
Chemotaxonomic characteristics. Dried cells of all of the isolates contained rneso-diaminopimelic acid, arabinose, and galactose. These results suggest that the chemotype of the isolates is type IVA of Lechevalier and Lechevalier (20) . The acyl type in the cell walls was glycolyl. The cellular fatty acid compositions of the strains tested are shown in Table 3 . The major components of the cellular fatty acids of the isolates were I Z -C~~:~, and n-C18,1; 10-methyl-Cl,~o was also present as a major component except in strain JCM 3359. Is0 and anteiso branched acids were not detected. The components were similar to those of N. asteroides and other strains used for comparison. However, the normal fatty acids with odd carbon numbers were approximately 20% of the total cellular fatty acids of the fish isolates, whereas these fatty acids were present in trace or very low amounts in N. asteroides and other authentic strains. The total number of carbon atoms in mycolic acids ranged from 44 to 58 (nocardomycolic acid [l]), as shown in Fig. 1A ; this was similar to the data obtained for N . asteroides (Fig. 1B) . In agreement with the cellular fatty acid composition, oddnumber acids were also abundant in the mycolic acids of the isolates, whereas the mycolic acids of N. asteroides and other authentic strains were exclusively of the even-carbonnumber type. The predominant isoprenoid quinone was tetrahydrogenated menaquinone with eight isoprene units [MK-8(H4); more than 90%]. The DNA base compositions of the strains tested are shown in Table 4 . The base compositions of the strains studied ranged from 66.8 to 67.4 mol% G+C.
DNA-DNA hybridization. The levels of DNA relatedness are shown in Table 4 . When strain JCM 3359 was used as a reference, the levels of DNA relatedness to the other strains ranged from 78 to 96%. On the other hand, low levels of relatedness were found between the fish isolates and the other species used for comparison. The DNA homology results also showed that N . asteroides JCM 3002 is closely related to Nocardia farcinica JCM 308gT (T = type strain). a None of the strains decomposed adenine, casein, hypoxanthine, or xanthine; none produced acid from adonitol, dulcitol, inositol, lactose, mannitol, melibiose, a-methyl-D-glucoside, raflinose, sorbitol, and D-xylose. None of the strains grew on benzoate, mucate, or tartrate as a carbon source. All of the strains were resistant to lysozyme and 2% NaCl. All of the isolates from infected fishes are chemotype IVA strains and have N-glycolated muramic acids, MK-8(H4) as the predominant menaquinone, and mycolic acids with the total number of carbon atoms ranging from 44 to 58. These results correspond to the characteristics of typical strains of the genus Nocardia (4, 7, 14, 19, 20, 38) . In particular, the presence of mycolic acids with the total carbon atom number range and menaquinone composition observed are effective criteria in addition to morphology to distinguish Nocardia from other nocardioform, coryneform, and acid-fast bacteria which have a type IVA cell wall composition. The cellular fatty acid compositions of the fish isolates are rather similar to those of other Nocardia species (Table 3 ) (14), except that strain JCM 3359 has only a small amount of 10-methyl fatty acids. However, this fact is not highly significant for classification, because it is known that 10-methyl fatty acids are considered to be derived from the corresponding monounsaturated acids (e.g., 10-methyl-C,,,, is derived from n-ClgZl) (29) . Physiologically, the fish isolates are most similar to N . asteroides as defined by Gordon et al. (9) (10) (11) 21) and Lechevalier (19) with respect to degradation of adenine, casein, hypoxanthine, and xanthine, acid production from carbohydrates, and utilization of organic acids. However, the fish isolates and N . asteroides are manifestly distinguishable by differences in urease production (6,9, 11, 19, 21, 24, 37) , utilization patterns of nitrogen sources, growth temperature, and survival at 50°C for 8 h.
The strains assigned to N . asteroides constitute a heterogeneous group as regards genetic (3, 7, 22, 23) and numerical phenetic (6, 16, 24, 26, (33) (34) (35) 37) aspects. This group contains some strains which should be identified with N . farcinica (3, 22) , namely strains of Schaal subgroup B and homology group I as defined by Mordarski et al. (22) , including strain JCM 3002, because it is impossible to distinguish between N . asteroides and N . farcinica by the Gordon test (10, 19) . Although N. usteroides and N . furcinica can be distinguished physiologically by the tests of Goodfellow (6, 19, 24) and Tsukamura (33) (34) (35) 37) , it is possible that the rest of the group also will be classified into several taxospecies after further study. In fact, Tsukamura (35) has already proposed separating 13 strains from N . asteroides under the name Nocardia nova based on numerical taxonomy.
The results of physiological tests, cellular fatty and mycolic acid analyses, DNA base composition determinations, and DNA-DNA hybridization tests indicate that the fish isolates form a good taxospecies whose properties are different from those of the type strains of N . asteroides, N . farcinica, and N . nova. Therefore, we propose a new species for these isolates, N . seriolae.
Description of Nocurdia seriolae Kudo, Hatai, and Seino sp. nov. Nocardia seriolae (se. ri. 0' lae. L. gen. n. seriolae,
